WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61K 9/00, 9/107, 47/10, 47/12 



A2 



(11) International Publication Number: WO 99/43299 

(43) International Publication Date: 2 September 1999 (02.09.99) 



(21) International Application Number: PCT/US99/03675 

(22) International Filing Date: 19 February 1999 (19.02.99) 



(30) Priority Data: 

09/031,204 



26 February 1 998 (26.02.98) US 



(71) Applicant: ABBOTT LABORATORIES [US/US]; CHAD 

0377/AP6D-2, 100 Abbott Park Road, Abbott Park, IL 
60064-6050 (US). 

(72) Inventors: FU LU, Mou, Ying; 195 Grafton Court, Lake Bluff, 

IL 60044 (US). BAUER, John, F.; 660 Green Bay Road, 
Lake Bluff, IL 60044 (US). DZIKI, Walter, 700 Mulladay 
Parkway, Libertyville, IL 60048 (US). TAYLOR, Victor, 
E.; 32437 Oak Avenue, Grayslake, IL 60030 (US). WANG, 
Zheng; Apartment 2, 1910 W. Argyle, Chicago, IL 60640 
(US). 

(74) Agents: AN AND, Mona et al.; Abbott Laboratories, Chad 
0377/AP6D-2, 100 Abbott Park Road, Abbott Park, IL 
60064-3500 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TO, IT, UA, UG, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Titie: ORAL FORMULATION FOR HYDROPHOBIC DRUGS 



(57) Abstract 



The present invention relates to a pharmaceutical composition and concentrate suitable for oral administration comprising a hydrophilic 
drug solubilized in a lipophilic phase comprising a fatty acid, and water; an oral formulation comprising uniform dispersion of the 
pharmaceutical concentrate in an aqueous phase optionally comprising a self-emulsifying material; and to a process of making the same. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


1L 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/43299 



PCT/US99/03675 



ORAL FORMULATION FOR HYDROPHILIC DRUGS 
Technical Field 

The present invention relates to a pharmaceutical composition and formulation 
concentrate suitable for oral administration comprising a hydrophilic drug solubilized in a 
lipophilic phase comprising a fatty acid and water, a uniform dispersion of the formulation 
5 concentrate in an aqueous phase optionally comprising a self-emulsifying material and to a 
process of making the oral formulations with unexpectedly high concentrations of the 
hydrophilic drug in the lipophilic phase. 

Background of the Invention 

10 Oral administration of liquid dosage forms is a particularly useful route of 

administration of therapeutic agents. However, administration of many compounds by these 
routes is not acceptable due to poor bioavailability of the therapeutic agent. Orally administered 
therapeutic agents are rapidly transported to the stomach and small intestine for absorption 
across the gastro-intestinal mucosal membranes into the blood. The efficiency of absorption of 

15 a therapeutic agent (i.e. the ratio of the amount entering the blood to the amount administered) 
following oral administration of many drugs can be low because of several factors which serve 
to metabolize the administered chemical. Therefore, if the preferred route of administration is 
the oral route, it is often necessary to administer large dosages of the compounds. This is 
costly and in many cases inefficient Such therapeutic agents can be administered via other 

20 routes such as intravenously, subcutaneously, or intraperitoneally, but these alternatives are all 
invasive by nature and can involve pain and discomfort to the patient 

A particularly useful class of compounds are peptides of twenty or less amino acid 
residues. Recent pharmaceutical research has led to the discovery of many synthetic peptides 
in this class which are effective therapeutic agents. Noteworthy among these synthetic small 

25 peptides are compounds which act as either agonists or antagonists of gonadotropin releasing 
hormone (GnRH, also known as "luteinizing hormone releasing hormone, LHRH), and 
peptides or peptide like compounds of twenty residues or less which act to inhibit renin and are 
thus effective as agents for treating hypertension and related disease conditions of the 
cardiovascular system. A number of small peptides and modified peptides have also been 

30 found which act to modulate the natural peptide C5a. 

While the discovery of peptide compounds having therapeutic value has moved rapidly 
in the last few years, the development of viable drug delivery systems for many of these 
compounds has often proven to be problematic. The gastrointestinal tract secretes a variety of 
agents that metabolize polypeptides. Exemplary of such catabolic agents are pepsin, trypsin, 
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chymotrypsin, carboxypolypeptidases, aminopolypeptidases and dipeptidases. Polypeptides 
that escape catabolism in the stomach and small intestine are transported across the cells lining 
of the gastrointestinal tract into the portal circulation, which carries absorbed polypeptides to 
the liver. Absorbed polypeptides are subject to further degradation by a myriad of hepatic 

5 metabolic events. Such hepatic degradation of absorbed materials from the blood before such 
materials enter the general systemic circulation is known in the pharmaceutical art as the "first 
pass effect" . Therefore, most, if not all, of these compounds must be administered 
parenterally as, for example, subcutaneous, intramuscular, or intraperitoneal injection. Since 
most patients cannot self-administer parenteral drug formulations, it is frequently necessary 

10 that drugs of this type be administered in an out-patient setting leading to additional costs 
associated with their use. 

Several U.S. Patents, for example, 4,652,441; 4,652,443; 4,711,782; 4,917,893; 
5,061,492; 5,330,767; 5,476,663, 5,480,656, and 5,643,607 disclose prolonged release 
microcapsule comprising a polypeptide in a polymer matrix, and methods of preparing the 

15 same. 

U.S. patent application, Serial No. 08/693,724, filed August 7, 1996 discloses 
uniform dispersions comprising a water-soluble drug, a self-emulsifying material, an oil and a 
short chain alcohol which are suitable for oral administration. The uniform dispersions 
described in the above application comprise substantial amounts of a non-fatty acid oil and 

20 require micronization or repeated homogenization to obtain uniform dispersion of the 

suspended drug and do not possess the optimum stability towards the enzymatic degradation 
for prolonged periods of time. 

There is, therefore, a pressing need for new, more stable, efficient, cost effective, and 
easier to prepare formulations, suitable for oral administration, which are easily administered to 

25 patients, are stable towards enzymatic degradation, increase the permeability of the drug and 
effect the desired bioavailability of the therapeutic agent 

Summary of the Invention 

Hydrophilic drugs when administered orally as aqueous formulations undergo 

30 enzymatic degradation resulting in very poor bioavailability of the drug to the patient The poor 
oral availability of these drugs may be due to the high molecular weight, low lipophilicity and 
enzymatic instability. In vitro tests have demonstrated that some hydrophilic drugs, 
specifically leuprolide acetate are easily degraded by gastrointestinal enzymes. Hydrophilic 
drugs, specifically leuprolide acetate have low solubility in lipids, thereby limiting the use of oil 

35 formulations. 

The present invention relates to the surprising solubilization of hydrophilic drugs, such 
as leuprolide acetate in fatty acids such as oleic acid, a C 18 fatty acid lipid system, thereby 
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protecting the drug from enzymatic degradation in the GI tract and increasing the bio- 
availability, thus making oral administration of the hydrophilic drug desirable. 

Surprisingly this increased solubilization can only be achieved by partitioning the drug 
between an aqueous buffer and a fatty acid. A linear relationship has been found between the 
5 amount of leuprolide acetate which can be extracted into the oleic acid and initial concentration 
of leuprolide acetate in the aqueous solution. 

The solubility of leuprolide acetate in oleic acid, for example, is less than 0.01 mg/mL. 
However, when a fatty acid is added to a solution of leuprolide acetate in water, the solubility 
of the drug in the lipophilic phase increases to greater than about 200 mg/mL, which is 
10 exponentially higher than the solubility of leuprolide acetate in oleic acid alone. 

This unexpected solubility phenomenon has been employed by using a small amount of 
water with a high concentration of leuprolide acetate to achieve significant solubilization of 
leuprolide acetate in oleic acid to obtain a formulation concentrate. 

The present invention, thus, relates to formulation concentrates and oral formulations 
15 comprising hydrophilic drugs in a lipophilic phase and methods of preparing the formulations 
with unexpectedly high concentrations of the drug in the lipophilic phase. 

In one aspect of the invention, therefore, the present invention relates to a 
pharmaceutical composition concentrate, suitable for oral administration, comprising a 
hydrophilic drug solubilized in a lipophilic phase comprising a fatty acid and water. 
20 In another aspect, the present invention relates to a pharmaceutical composition, 

suitable for oral administration, comprising a hydrophilic drug solubilized in a lipophilic phase 
comprising a fatty acid and water. 

In still another aspect, the present invention relates to an oral pharmaceutical 
composition comprising: 
25 a pharmaceutical concentrate dispersed in an aqueous phase optionally comprising a 

self-emulsifying material, wherein the concentrate comprises a hydrophilic drug solubilized in a 
lipophilic phase comprising a fatty acid and water. 

In yet still another aspect, the present invention relates to a process for preparing a 
pharmaceutical formulation concentrate, suitable for oral administration, comprising: 
30 dissolving a hydrophilic drug in water; and 

extracting the hydrophilic drug into a fatty acid. 

The formulations of the invention are stable towards enzymatic degradation, and are 
easy to prepare and administer to the patients. 

35 Brief Description of the Drawings 

FIGURE 1 is a plot of log % leuprolide acetate remaining vs time in hours following 
the addition of trypsin to various formulations of the invention individually containing a 
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different fatty acid. The Figure illustrates the enzymatic degradation profiles of the 
formulations of the invention as compared to the formulation containing olive oil and to the 
aqueous leuprolide acetate solution. 

FIGURE 2 is a plot of log % leuprolide acetate remaining vs time in hours following 
5 the addition of trypsin to various formulations of the invention individually containing a 

different alcohol. The Figure illustrates the enzymatic degradation profiles of the formulations 
of the invention as compared to the formulation containing no alcohol and to the aqueous 
leuprolide acetate solution. 

FIGURE 3 is a plot of plasma concentration in ng/mL vs time in minutes following the 
10 oral administration to fasted rats of the formulation of the invention. The filled-in diamonds 
represent the aqueous leuprolide acetate solution and the filled-in squares represent the 
formulation of the invention. 

FIGURE 4 is a plot of leuprolide concentration in mg/mL in aqueous and oleic acid 
layers vs the initial drug level in mg/mL. The hollow circles represent the aqueous layer and 
15 the filled-in squares represent the oleic acid layer. The Figure illustrates the leuprolide 

concentration in oleic acid following the extraction from aqueous acetate solutions (pH 5) at 
various concentrations of leuprolide. 

FIGURE 5 is a correlation plot of the infrared response of leuprolide acetate in oleic 
acid layer vs. initial leuprolide concentrate in mg/mL of the solution after the extraction of 
20 leuprolide acetate from the aqueous solution at pH 5 into the oleic acid. 

Detailed Description of the Invention 

The term "hydrophilic drug" as used herein means a drug which has a low oil/water 
partition ratio. The term "low oil/water partition" ratio means that the octanol/water partition 

25 ratio, for example, is no greater than about O.L 

The term "extraction/partitioning" as used herein means the extraction or partitioning of 
a hydrophilic drug from its solution in a water/alcohol co-solvent system into the fatty acid. In 
other words, it means the solubility of the drug in the fatty acid. The terms extraction, 
partitioning and solubility are used interchangeably herein. 

30 The hydrophilic drugs can be any type of water-soluble drugs. Illustrative of the water- 

soluble drugs include, but are not limited to, biologically active polypeptides, antibiotics, 
antitumor agents, antipyretics, analgesics, antiinflammatory agents, antitussives and 
expectorants, sedatives, muscle relaxants, antiepileptics, antiulcer agents, antidepressant, 
antidiabetics, diuretics, hormone drugs, renin inhibitors, C5 a agonists and antagonists 

35 and the like. 

The preferred hydrophilic drugs for the purposes of this invention are the biologically 
active polypeptides. The biologically active polypeptides are preferably those having a 
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molecular weight between about 200 and about 8,000. Examples of the peptides include 

polypeptides which have a pharmacological or psychological action in an animal subject to 

affect lutenizing hormone release hormone (LHRH), to inhibit the action of renin, or to 

modulate the physiological activity of C5a. 
5 The preparation and therapeutic use of suitable peptide agonists and antagonists of 

LHRH comprising from three to ten aminoacid residues for the formulation concentrates and 

the oral formulations in accordance with the present invention are disclosed in, for example, 

U.S. Patent Nos. 3,787,385; 3,790,555; 3,826,794; 3,880,825; 3,915,947 3,953,416; 

3,963,691; 3,974,135; 4,003,884; 4,008,209;4,022,759, 4,022,760; 4,022,761; 4,071,622, 
10 4,024,248; 4,072,668; 4,075,189; 4,075,192; 4,234,571; 4,244,946; 4,253,997; 4,318,905; 

4,800,191; and 5,198,533. 

Particularly preferred LHRH-active peptides and peptide like compounds for inclusion 

in formulations of the present invention include the following compounds and their 

pharmaceutically acceptable salts: 
15 N-acetyl-D-2-naphthylalanyl-D-4-chlorophenylalanyl-D-3-pyridylalanyl-L-seryl-L-N- 

methyltyrosyl-D-N e -nicotinoyUysyl-L-leucyl-L-N e -isopropyUysyl-L-prolyl-D-danylami 

acetate, disclosed in United States Patent 5,1 10,904, 
5-oxo-L-prolyl-L-Mstidyl-L-tryptophanyl^ 

L-prolylethylamide, also known by the generic name leuprolide, disclosed in United States 
20 Patent 4,005,063. 

Renin inhibitor compounds suitable for formulations of the present invention are 

disclosed, for example, in the United States Patent Nos. 4,384,994; 4,470,971; 4,477,440; 

4,477,441; 4,474,941; 4,478,826; 4,560,505; 4,595,677; 4,636,491; 4,665,193; 4,698,329; 

4,722,922; 4,746,648; 4,749,687; 4,749,781; 4,818,748; 4,837,204; 4,857,507; 4,863,903; 
25 4,863,904; 4,863,905; 4,864,017; 4,874,745; 4,880,781; 4,895,834; 5,268,374. 

Preferred renin inhibitors for incorporation into the formulations of the present 

invention include: 

((beta,beta, dimethyl)beta- Ala-4-(CH30)-Phe-His-(2S-amino- 1 -cyclohexyl-3R,4S- 
dihydroxy-6-methyl))heptane, also known by the generic name enalkiren, disclosed in United 
30 States Patent 4,845,079; 

2S-2-benzyl-3-(( 1 -methylpiperazin-4-yl)sulf onyl)propionyl-4- thial-(2S-amino- 1 - 
cyclohexyl-3R,4S-dihydroxy-6-methyl)heptane, also known by the generic name zankiren, 
disclosed in published European Patent Application No. EP 456 189, published November 13, 
1991; 

35 2S, 1 S-(4-methoxymethoxypiperidin- 1 -yl)carbonyl-2-phenylethoxy hexanoic acid amide 

of 3-(4-morpholinyl)propyl-5S-amino^ 
disclosed in United States Patent 5,268,374; and 
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1 S-(4-(methoxymethoxypiperidin- 1 -yl)carbonyl)-2-phenylethyl-L-norleucyl amide of 
3-(4-morpholinyl)propyl-5S-amino-6-cyclohexyM^ 
disclosed in* United States Patent 5,268,374. 

C5a agonists and antagonists suitable for incorporation into formulations of the present 
5 invention are disclosed United States Patent Nos., for example, 4,692,51 1; 5,190,922 ; 
5,223,485. 

Illustrative of antibiotics suitable for incorporation into formulation for the present 
invention include, but are not limited to, gentamycin, tetracycline hydrochloride, amkacin, 
firadiomycin, sisomicin, oxytetracycline, amphicillin, piperacillin, cefoperazone, and the like. 

10 The fatty acids suitable for extracting the hydrophilic drugs from the aqueous phase are 

those having from C5 to C25 carbon chain. It has been found that the amount of drug that is 
extracted in the fatty acid depends upon the pH of the concentrate and the length of the carbon 
chain of the fatty acid. Not being bound by theory, it is believed that this may be due to the 
fact that the polarity decreases with an increase in the chain length of the fatty acid. Shorter the 

15 chain length of the fatty acid, and lower the buffer pH, higher is the extraction of the drug into 
the fatty acid. 

The extraction of the hydrophilic drug is pH dependent because the drug ionizes in 
water to a degree depending on the pH of the solution. The pH of the aqueous solution used 
for extraction ranges from about 2 to about 8. The solubility of leuprolide acetate in oleic acid, 
20 for example, increases to greater than 200 mg/mL of the concentrate with an increase in the pH 
of the aqueous solution used for partitioning. By contrast, the solubility of the hydrophilic 
drug such as leuprolide acetate, is near 0 in olive oil or in 1-octanol even at pH 0 . 

The amount of fatty acid generally varies from about 10% to about 99.8% of the 
volume of the concentrate. Preferably, the amount of the fatty acid varies from about 30% to 
25 about 45% by the volume of the concentrate. Most preferably, the amount of fatty acid is about 
40% by volume of the concentrate. The most preferred fatty acid for the purposes of this 
invention is oleic acid. 

The amount of water in the concentrate can vary from about 0.2% to about 20% of the 
volume of the concentrate. Preferably, the amount of water varies from about 0.5 to about 2% 
30 of volume of the concentrate. 

The formulation concentrate comprising a hydrophilic drug, water and oleic acid may 
result in a physically unstable two-phase formulation which is generally an unacceptable 
dosage form. The formulation concentrate desirably comprises a C r C 5 alcohol. The alcohols 
suitable for the formulations of the invention are selected from the group consisting of 
35 methanol, ethanol, propanol, isopropanol, butanol, isobutanol, t-butanol, n-pentanoi, iso- 
pentanol, and neo-pentanol. The most preferred alcohol is ethanol. The amount of alcohol in 
the concentrate can vary from 0% to about 60% of the volume of the concentrate. If the 
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amount of alcohol is 0%, a self-emulsifying material with hydrophile-lipophile balance (HBL) 
of greater than 10 is added to the two-phase mixture of water, drug and the fatty acid to obtain 
a one-phase concentrate. When no self-emulsifying material is added, the amount of alcohol 
may vary from about 0.2% to about 50% by the volume of the concentrate. Preferably, the 

5 amount of alcohol varies from about 2% to about 10% of the volume of the concentrate. 

The formulation concentrate desirably further comprises a self-emulsifying material to 
facilitate the emulsification of the concentrate in aqueous vehicles. Suitable self-emulsifying 
materials are those with HLB of 10 or over and are selected from the group consisting of 
Tween-20, Tween 80, Cremophor EL-P, and Cremophor RH-40. The amount of the self- 

10 emulsifying material varies from about 10% to about 90% of the volume of the concentrate. 
Preferably the amount of the self-emulsifying material is about 40%-50% of the volume of the 
concentrate. The most preferred self-emulsifying material suitable for the formulation is 
Tween-80. The volume/volume ratio of the fatty acid to the self-emulsifying material varies 
from about 1 :0 to about 1 :4. The most preferred volume/volume ratio of the fatty acid to the 

15 self -emulsifying material is from about 1:01 to about 1 : 1 . 

The formulation concentrate may also contain additional agents such as preservatives 
and antioxidants. Typical preservatives include sodium benzoate, sorbic acid, and the methyl 
and propyl esters of p-hydroxybenzoic acid (parabens). Representative antioxidants include 
vitamin E, butylated hydroxy anisole, butylated hydroxy toluene, nordihydroguaiaretic acid, 

20 the gallates such as propyl gallate, hydroquinone, propenyl methyl guaethol and alkyl 
thiopropionates, or water soluble agents such as alkanolamines, alcohols, and propylene 
glycol. 

The formulation concentrates may further comprise sweetening agents and flavoring 
agents such as menthol, fruit flavoring and the like to make the formulation palatable to the 
25 patients. 

The formulation concentrate suitable for oral administration is prepared by first 
dissolving a hydrophilic drug in water and preferably in a water and alcohol co-solvent system. 
Desired amounts of a fatty acid, and optionally a self-emulsifying material are then mixed until 
a clear yellowish oily solution is obtained. 
30 A basic preferred formulation concentrate comprises the following ingredients: 



Drug 50 mg 

Water 0.2 mL 

Ethanol 1.0 mL 

Oleic Acid 4.0 mL 

35 Tween-80 4mL 



qs with Tween-80 to obtain 10 mL of the concentrate. 
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A preferred formulation concentrate comprises the following ingredients: 

Leuprolide Acetate 50 mg -100 mg 

Water 0.2 mL 

Ethanol 1.0 mL 

Oleic Acid 4.0 mL 

Polysorbate, NF (Tween-80) 4.0 mL 

Prosweet 0. 1 mL 

Butylated Hydroxy Toluene (BHT) 0.0 1 mL 

Menthol 0.2 mL 

Methyl Paraben 10.0 mg 

qs to 10 mL with Tween-80 

The oral formulations of the invention are obtained by adding the concentrate into an 
aqueous medium optionally comprising a self-emulsifying material and vortexing the mixture 
for a few minutes by the methods known in the art. The self-emulsifying material is added to 
the aqueous phase in those instances where there is no such material originally present in the 
concentrate. The aqueous medium is selected from the group consisting of milk; fruit juice; 
water, and an aqueous solution comprising an excipient selected from the group consisting of 
aspartame, glucose, mannitol, sorbitol, sugar, sucrose and lactose. The amount of drug in the 
oral formulations can vary from about O.lmg/lmL to about 500 mg/mL, based on the volume 
of the concentrate. Preferably, the amount of drug in the formulations varies from about 1.0 
mg/mL to about 20 mg/mL, based on the volume of the concentrate. The choice of an aqueous 
medium and its volume for dispersion of the concentrate depends on various factors including 
the type of drug, the individual preferences and the prescription for the individual patient in 
need of the treatment. 

Alternatively, pharmaceutical^ acceptable soft elastic capsules may be filled with from 
about 0. 1 mL to about 1 .0 mL of the formulation concentrate and orally administered as 
needed. 

The invention is best understood by the following Examples which are merely 
illustrative and are not to be construed as limitative of the invention. 
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Examples 

Example 1 

Stability of Leuprolide Acetate in the Formulation towards 
in-vitro Enzvmatic Degradation 

5 Effect of the various fatty acids 

To compare the effect of oleic acid with other fatty acids and a non fatty acid 
oil on the stability of leuprolide acetate towards in-vitro enzymatic degradation, a study using 
Trypsin (50 mM Tris and 1.0 mM Dethiothreitol, pH 7.4) was conducted by methods known 
in the art. Oral formulations containing n-caproic acid, caprylic acid, palmitoleic acid, oleic 

10 acid, linolenic acid, and olive oil, respectively, were tested. An aqueous formulation of 
leuprolide acetate in a saline solution was used as a control. The amounts of the various 
ingredients used were the same as the basic formulation: leuprolide acetate 5 mg/mL (w/v); 
fatty acid or olive oil 40% (v/v); Tween-80 40% (v/v); water 2% (v/v); ethanol 10% (v/v); q.s. 
with Tween-80. 

15 The results of the study are illustrated in Figure 1 by plotting log % leuprolide acetate 

remaining vs time in hours following the addition of trypsin to the formulation. The % 
leuprolide acetate remaining was determined by HPLC using a C l8 column and 0.087 M 
ammonium phosphate buffer at pH 6.5 (26%)/acetonitrile (74%). 

The results indicate that the formulations of the invention are significantly more stable 

20 towards the enzymatic degradation than the formulation containing olive oil and the control. In 
other words, the various fatty acid in the formulations protect the drug from enzymatic 
degradation when compared to formulations in olive oil or to the aqueous leuprolide solution. 

Effect of various alcohols 

25 Six basic formulations were prepared using the amounts of various ingredients as 

described above and tested for enzymatic degradation. Each of the formulations contained 
leuprolide acetate, water, oleic acid, Tween and 1 mL (10% v/v) of one of the following: 
methanol, ethanol, isopropyl alcohol, 1-butanol, and 1-pentanol. One formulation contained 
12% water (v/v) and 0% alcohol as the only solvent A saline solution of leuprolide acetate 

30 was used as a control. 

The results of the study are illustrated in Figure 2 by plotting log % leuprolide acetate 
remaining vs time in hours following the addition of trypsin to the formulation. The results 
indicate that the formulations containing water alone or alcohols are significantly more stable 
towards enzymatic degradation than the saline solution of leuprolide acetate. 

35 
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Emmie l 

Oral Drug Bioavailability of the Formulations in S prapue Dawlev Rats 
Male Sprague-Dawley rats, each weighing about 300 g at the time of the experiment, 
were used for the experiment. Each rat was fasted overnight A dose of 3 mg-kg of the 
formulation containing 50 mg leuprolide acetate, water 0.2 mL, ethanol 1.0 mL, oleic acid 4.0 
mL, q.s. to 10 mL with Tween-80 was administered by gavage using intubation of 
formulations into the stomach. About 0.3 mL blood samples were collected under ether 
anesthesia via jugular venipuncture. Blood samples were placed into microcentrifuge tubes 
containing 50 ^iL of 15% K3EDTA as anticoagulant. Samples were then mildly agitated by 
shaking and spun down for ten minutes at 5000 rpm in a Beckman Microfuge-12. Blood 
samples were collected prior to dosing and also at 5, 15, 30, 60, 120, 180, 300, 480, and 
1440 minutes after dosing. Plasma samples were frozen at -10°C to -20°C until assayed. 
Drug concentrations in plasma samples were measured by radioimmunoassay. 

Plasma concentrations in ng/mL vs time in minutes following oral administration of 
leuprolide acetate formulation are plotted in Figure 3. The filled-in diamonds represent the 
concentration of the aqueous leuprolide solution and filled-in squares represent the 
concentration of the formulation of the invention. The Figure demonstrates that the oral 
formulation of the invention has improved bioavailability of leuprolide over the aqueous 
leuprolide solution. 

Extraction of leuprolide acetate into fattv a HHs at various pHs 
Five buffer solutions at 0.1 M strength at various pHs, namely, pH 2 phosphate buffer, 
pH 3 phosphate buffer, pH 4 acetate buffer, pH 5 acetate buffer, and pH 7.5 phosphate buffer 
were employed in this example. 1.2 mL of each buffer solution containing leuprolide acetate 
was placed into a centrifuge tube. 0.2-0.3 mL of one of the following: valeric acid, isovaleric 
acid, n-caproic acid, heptanoic acid, caprylic acid, palmitoleic acid, linoleic acid, oleic acid, 
olive oil, or 1-octanol was added to individual centrifuge tubes. After being vortexed, the 
tubes were centrifuged at 10,000 rpm for five minutes. 0.1 mL of the aqueous layer was 
transferred into a 10 mL volumetric flask and diluted to volume with methanol containing 0.1% 
perchloric acid. The leuprolide concentration in each individual buffer solution was then 
assayed by HPLC. The results are set forth in Table 1 below. 
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The results in Table 1 demonstrate that the drug concentration in the aqueous layer 
decreased with increasing buffer pH. At pH 5 and 7.5, only trace amounts of leuprolide 
acetate were detected in the aqueous layer, indicating that the majority of the drug was extracted 
into the fatty acid layer. On the other hand, the leuprolide acetate concentration in 1-octanol 
5 and olive oil were found to be unchanged at all the pHs, indicating that the drug was not 
extracted into 1-octanol or olive oil from the aqueous layer under any pH condition. 

Example 4 

Extraction of leuprolide acetate in to oleic acid at pH 5 
10 Five buffer solutions at 0.1 M strength at pH 5, each containing 1.67, 7. 5, 15, 30, and 

60 mg/mL, respectively, were prepared. 1 .2 mL of each of the solution was treated according 
to the method described in Example 3. The leuprolide concentration in the aqueous layer was 
assayed by HPLC. The solubility of leuprolide in oleic acid is 0. 152 mg/mL. The results are 
set forth in Table 2 below. 

15 

Table 2 



Extraction of Leuprolide to Oleic Acid from an Aqueous Solution at pH 5 



c 

mg/mL 


<U r (HPLC) 
mg/mL 


C M (calculated*) 
mg/mL 


1.67 


0.01 


9.18 


7.95 


1.27 


40.08 


15.35 


2.48 


77.22 


31.62 


6.20 


152.52 


60.56 


20.18 


242.28 



•Calculation: C oil = (C^ af C w JXL2/U.2 



The results demonstrate that the drug concentration is much higher in the oleic acid than 
that in the aqueous layer thereby increasing the protection of the drug by the oleic acid. 

The results of the study are further illustrated in Figure 4 by plotting leuprolide acetate 
concentration in mg/mL vs various concentrations of leuprolide acetate. The results indicate 
that the concentration of leuprolide acetate in the oleic acid layer increases with an increase in 
the concentration of oleic acid in the formulation. 



Example s 

Infrared Spectroscopy for the determination of the c oncentration of 
30 leuprolide acetate in oleic acid 

The determination of the relative leuprolide acetate concentrations in the oleic acid layer 
of extraction preparations of Example 3 was performed by comparing the peak area of the IR 
spectral amide I band as described in B. Stuart, "Biological Applications of Infrared 
Spectroscopy (ACOL)", John Wiley and Sons, 1997, pp 114-115. A Nicolet Magna-IR model 
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750 spectrometer was used for the analysis. All samples were analyzed as a thin film between 
two sodium chloride discs (25x4 mm). A Spectra-Tech InspectIR, video microanalysis 
accessory, with a Germanium attenuated total reflection (Ge ATR) crystal was used to obtain a 
reference spectrum of a pure leuprolide acetate sample. Identification of leuprolide acetate in 
5 each oleic acid layer was accomplished by electronic subtraction of the pure oleic acid IR 
spectrum from the sample IR spectrum. All sample IR subtraction spectra were qualitatively 
similar to the reference IR spectrum of leuprolide acetate. 

The results are illustrated in Figure 5 by plotting the infrared responses of leuprolide 
acetate in oleic acid layer versus initial leuprolide acetate concentration. The Figure 
10 demonstrates a linear dependence between the amount of leuprolide acetate in the oleic acid 
layer and the initial quantity in the pH 5.0 acetate buffer. This Example further demonstrates 
the evidence of the extraction of leuprolide acetate into oleic acid by partitioning methods. 

Examnte 6 

15 . Efficacy of the Formulation by measuring plasma testosterone levels in rats 

A formulation concentrate was prepared by the process described above. 
Table 3 lists the ingredients and respective amounts of the ingredients used in the concentrate. 



Table 3 



Leuprolide Acetate i 


5 mg/mL (or 10 mg/mL) 


Water 


2% (v/v) 


Ethanol 


10% (v/v) 


Oleic Acid 


40% (v/v) 


Polysorbate 


40% (v/v) 


Menthol 


0.5% (w/v) 


Prosweet 


1.5% (v/v) 


Methylparaben 


0.1% (w/v) 


BHT 


0.1% (v/v) 


q.s. 


Tween 80 



20 

Study 

A 14-day study was carried out on 25 conscious, matured Sprague-Dawley (SD) male 
rats, each approximately 400 grams in weight. The rats were divided into five groups of five 
rats each for receiving various doses. All rats were non-fasted throughout the study. The oral 
25 dosages were administered into the stomach by gavage every morning for 14 days. 

The oral formulations were prepared by dispersing the formulation concentrate 
(5mg/mL) in adequate amount of water as set forth in Table 4 below. 
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Table 4 



T^nQfipR Form 

lm^/mL 
0.5 mg/mL 
0.25 mg/mL 


Dilution 
1/5 
1/10 
1/20 


Preparation 

Mix 2 mL formulation with 8 mL water and vortex for 1 minute 
Mix 1 mL formulation with 9 mL water and vortex for 1 minute 
Mix 1 mL formulation with 19 mL water and vortex for 1 
minute 


0.1 mg/mL 


1/50 


Mix 1 mL formulation with 49 mL water and vortex for 1 
minute . . — 


0.05 mg/mL 


l/lOO 


Mix 1 mL formulation with 99 mL water and vortex tor 1 
minute _ . — . 



The five groups of rats received the above dispersed oral formulations each morning for 
1 4 days according to the schedule listed below in Table 5. 

Table 5 



Group # 


Dose (mg/kg/day) 


Number of Rats/Group 


1 


2.5 




2 


~~ 1.25 


5 


3 


0.625 


5 


4 


0.25 


5 


5 


0.125 


5 



BlSfidjng Schedule 

To assay testosterone and leuprolide acetate levels in plasma, blood was collected 
10 periodically from the tail veins of the rats. The times for bleeding, at which 0.5 mL of tail-vein 
blood was collected in Winetrob tubes, were scheduled so that, initially, the rats were bled 
before the first dosing and then 15 minutes, one hour, two hours, four hours, and eight hours 
after the dose was administered. On subsequent Days 1, 2, 3, 4, 5, 6, 7, 9, 1 1, and 14, 
bleeding was carried out one-half hour before dosing. 
15 The plasma was isolated from the blood by centrifugation and analyzed for testosterone 

and leuprolide acetate by radioimmunoassay analysis. 

Table 6 sets forth the results of the plasma testosterone levels in rats during 14 days of 
oral administration of the above oral formulation. 
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Table 6 



Plasma Testosterone Levels (ng/mL) 



Dose 


2.5 mg/kg 


1.25 mg/kg 


0.625 mg/kg 


0.25 mg/kg 


0.125 mg/kg 


Time 
(Day) 


Mean 


SD 


Mean 


SD 


Mean 


SD 


Mean 


SD 


Mean 


SD 


0 


2.60 


0.44 


2.62 


0.39 


2.32 


0.55 


1.47 


0.47 


1.60 


0.45 


0.01 


2.62 


0.38 


2.86 


0.34 


2.45 


0.61 


1.89 


0.53 


1.75 


0.56 


0.04 


4.93 


0.91 


4.98 


0.31 


3.56 


0.23 


3.54 


0.66 


2.99 


0.39 


0.08 


7.69 


0.88 


7.04 


0.21 


8.51 


0.28 


6.92 


0.4$ 


6.32 


1.18 


0.16 


7.05 


0.36 


6.61 


0.17 


7.82 


0.45 


5.75 


0.29 


6.1% 


0.96 


0.33 


6.00 


0.56 


4.72 


1.30 


7.05 


0.09 


4.36 


0.40 


3.90 


1.52 


1.0 


0.77 


0.13 


0.99 


0.17 


.091 


0.09 


0.71 


0.15 


0.41 


.024 


2.0 


0.45 


0.10 


0.52 


0.11 


.063 


0.16 


0.36 


0.08 


0.35 


0.12 


3.0 


0.31 


0.06 


0.39 


0.05 


0.42 


0.07 


0.36 


0.04 


0.33 


0.08 


4.0 


0.31 


0.07 


0.34 


0.07 


0.35 


0.08 


0.29 


0.10 


0.35 


0.10 


5.0 


0.30 


0.05 


0.39 


0.14 


0.42 


0.14 


0.26 


0.11 


0.64 


0.40 


6.6 


0.28 


0.08 


0.19 


0.02 


0.24 


0.05 


0.25 


0.06 


0.34 


0.13 


7.0 


0.21 


0.09 


0.25 


0.03 


0.41 


0.08 


0.21 


0.06 


0.33 




9.0 


0.30 


0.05 


0.34 


0.04 


0.36 


0.04 


0.27 


0.10 


0.59 


0.40 


11.0 


0.18 


0.02 


0.34 


0.06 


0.39 


0.03 


0.45 


0.15 


0.83 


0.29 


14.0 


0.27 


0.06 


0.03 


0.03 


0.53 


0.04 


0.30 


0.07 


0.70 


0.33 



The results in Table 6 demonstrate that the oral formulations of the invention are 
efficaceous in reducing the plasma testosterone levels in rats. 
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WE CLAIM: 

1 . A pharmaceutical composition, suitable for oral administration, comprising a 
hydrophilic drug solubilized in a lipophilic phase comprising a fatty acid and water. 

5 

2 . A pharmaceutical concentrate comprising a hydrophilic drug solubilized in a 
lipophilic phase comprising a fatty acid and water. 

3 . The concentrate of Claim 2, wherein the concentrate further comprises a C r C 5 
10 alcohol. 

4. The concentrate of Claim 3, volume of the alcohol varies from about 0% to 
about 60% by volume of the concentrate. 

15 5 . The concentrate of Claim 4, wherein the volume of the alcohol varies from 

about 2% to about 10% by the volume of the concentrate. 

6 . The concentrate of Claim 2 further comprising a pH buffer. 

20 7 . The concentrate of Claim 6, wherein the pH varies from about 2 to about 8. 

8 . The concentrate of Claim 3, further comprising a self-emulsifying material. 

9 . The concentrate of Claim 2, wherein the amount of the hydrophilic drug 
25 ranges from about 1 mg to about 20 mg/mL of the volume of the concentrate. 

10. The concentrate of Claim 2, wherein the hydrophilic drug is a peptide. 

11. The concentrate of Claim 10, wherein the peptide is an agonist or antagonist of 
30 LHRH or a pharmaceutical^ acceptable salt thereof. 

12. The concentrate of Claim 1 1 , wherein the agonist or antagonist of LHRH is 
selected from the group consisting of 

N-acetyl-I>2-naphthylalany^ 
35 methyltyrosyl-D-N e -mcotinoy^ 
alanylamide acetate, 



-16- 



WO 99/43299 



PCT/US99/03675 



5-oxo-L-prolyl-L-histidyl-L-tryptophyl-L-se^ 

L-prolinamide acetate; or a pharmaceutical^ acceptable salt thereof. 

13. The concentrate of Claim 2, wherein the fatty acid has a carbon chain ranging 
from 5 to 25 carbon atoms. 

14. The concentrate of Claim 13, wherein the amount of the fatty acid varies from 
about 10% to about 99.8% of the volume of the concentrate. 

1 5 . The concentrate of Claim 1 4, wherein the amount of the fatty acid is about 40% 
of the volume of the concentrate, 

16. The concentrate of Claim 2, wherein the amount of water is from 0.2% to about 
20% of the volume of the concentrate. 

17. A pharmaceutical^ acceptable soft-elastic capsule comprising a pharmaceutical 
concentrate, suitable for oral administration, comprising a hydrophilic drug solubilized in a 
lipophilic phase comprising a fatty acid and water. 

18. A pharmaceutical composition concentrate, suitable for oral administration, 
comprising 50 mg of a hydrophilic drug, 0.2 mL of water, 1.0 mL ethanol, 4.0 mL oleic acid 
and 4 mL T ween- 80. 

1 9. An oral pharmaceutical composition comprising: 

a pharmaceutical concentrate dispersed in an aqueous phase optionally comprising a 
self-emulsifying material, wherein the concentrate comprises a hydrophilic drug solubilized in a 
lipophilic phase comprising a fatty acid, and water. 

20. The oral composition of Claim 19, wherein the aqueous phase is selected from 
the group consisting of milk; fruit juice; water, and a solution comprising an excipient selected 
from the group consisting of aspartame, glucose, mannitol, sorbitol, sugar, sucrose and 
lactose. 

21. The oral pharmaceutical composition of Claim 19, wherein the oral 
pharmaceutical comprises a self-emulsifying material. 
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22. A process for preparing a pharmaceutical formulation concentrate suitable for 
oral administration comprising: 

dissolving a hydrophilic drug in water and; 
extracting the solubilized drug into a fatty acid. 

5 

23. The process of Claim 22, wherein the concentrate further comprises a Cj-Q 
alcohol varies from about 0% to about 60% by volume of the concentrate. 

24. The process of Claim 23, wherein the volume of the alcohol varies from about 
10 5% to about 30% by the volume of the concentrate. 

25. The process of Claim 22 further comprising a pH buffer. 

26. The process of Claim 25, wherein the pH varies from about 2 to about 8. 

15 

27 . The process of Claim 22, further comprising a self-emulsifying material. 

28. The process of Claim 22, wherein the amount of the hydrophilic drug 
ranges from about 1 mg to about 20 mg/mL of the volume of the concentrate. 

20 

29. The process of Claim 28, wherein the hydrophilic drug is a peptide 

30 . The process of Claim 28 wherein the peptide is an agonist or antagonist of 
LHRH or a pharmaceutical^ acceptable salt thereof. 

25 

31. The process of Claim 30, wherein the agonist or antagonist of LHRH is 

selected from the group consisting of 

N-acetyl-D-2-naphmylalanyl-D-4-chlorophenylalanyl-D-3-pyridylalanyl-L-seryl-L-N- 

methyltyrosyl-D-N e -nicotinoyllysyl-L-leucyl-L-Ne-isopropyllysyl-L-prolyl-D- 

30 alanylamide acetate, 

5-oxo-L-prolyl-L-histidyl-L-tryptophy 

L-prolinamide acetate; or a pharmaceutically acceptable salt thereof . 

32. The process of Claim 23, wherein the fatty acid has a carbon chain ranging 
35 from 5 to 25 carbon atoms. 
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33. A pharmaceutical composition concentrate, suitable for oral administration, 
prepared by the process comprising: 

dissolving a hydrophilic drug in water and; 
extracting the solubilized drug into a fatty acid. 
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